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the communication device is embedded within at least
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to a tire.
[0002] The present application claims priority based
on JP 2021-109743 that was filed in Japan on June 30,
2021, the entire contents of which are incorporated here-
in by reference.

BACKGROUND

[0003] Some tires have a communication device (such
as an RF tag) arranged between an inner liner and a
carcass (Patent Literature (PTL) 1).

CITATION LIST

Patent Literature

[0004] PTL 1: JP 2004-148953 A

SUMMARY

(Technical Problem)

[0005] For conventional tires, there is room for improv-
ing communication distance.
[0006] It would therefore be helpful to provide a tire
that enables lengthening of the communication distance.

(Solution to Problem)

[0007] The tire according to the present disclosure is:

a tire comprising: a marking portion disposed on a
tire outer surface of a tire side portion; and
a communication device,
wherein the marking portion has one or more mark-
ings,
each of the one or more markings forms a letter, a
symbol, or a graphic and is formed into a convex
shape, and
at least a part of the communication device is em-
bedded within at least one of the one or more mark-
ings.

(Advantageous Effect)

[0008] According to the present disclosure, a tire that
enables lengthening of the communication distance can
be provided.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] In the accompanying drawings:

FIG. 1 is a side view illustrating a portion of a tire

side portion of a tire according to a first embodiment
of the present disclosure as viewed from a tire width
direction outer side;
FIG. 2 is an enlarged view illustrating an enlargement
of a portion of FIG. 1;
FIG. 3 is a cross-sectional view, in the tire width di-
rection, illustrating a portion of the tire of FIG. 2 in
cross section along the A-A line in FIG. 2;
FIG. 4 is a perspective view illustrating an example
of a communication device that can be used in a tire
according to any embodiment of the present disclo-
sure;
FIG. 5 is an exploded perspective view illustrating
the communication device illustrated in FIG. 4 in an
exploded state;
FIG. 6 is a side view illustrating a portion of a tire
side portion of a tire according to a second embod-
iment of the present disclosure as viewed from a tire
width direction outer side;
FIG. 7 is a cross-sectional view, in the tire width di-
rection, illustrating a portion of the tire of FIG. 6 in
cross section along the B-B line in FIG. 6;
FIG. 8 is a cross-sectional view illustrating a portion
of the tire of FIG. 6 in cross section along the C-C
line in FIG. 6; and
FIG. 9 is a cross-sectional view, in the tire width di-
rection, illustrating a portion of a tire according to a
third embodiment of the present disclosure.

DETAILED DESCRIPTION

[0010] A tire according to the present disclosure can
be preferably used for any type of pneumatic tire, and
can be used, for example, for a passenger vehicle pneu-
matic tire, a truck/bus pneumatic tire, or the like.
[0011] The following describes the embodiments of a
tire according to the present disclosure with reference to
the drawings.
[0012] Members and portions common between the
drawings have the same reference signs. In certain draw-
ings, a tire width direction is denoted by the reference
sign "TW", a tire radial direction is denoted by the refer-
ence sign "RD", and a tire circumferential direction is de-
noted by the reference sign "CD". In the present specifi-
cation, "tire inner side" refers to a side closer to a tire
cavity, and "tire outer side" refers to a side farther from
the tire cavity.
[0013] FIG. 1 to FIG. 3 are drawings for describing a
tire 1 according to a first embodiment of the present dis-
closure. FIG. 1 is a side view illustrating a portion of a
tire side portion of the tire according to the first embodi-
ment of the present disclosure as viewed from a tire width
direction outer side. FIG. 2 is an enlarged view illustrating
an enlargement of a portion of FIG. 1. FIG. 3 is a cross-
sectional view in the tire width direction illustrating a por-
tion of the tire (specifically, a portion on one side relative
to a tire equatorial plane CL) in FIG. 2 in cross section
along the A-A line in FIG. 2. FIG. 6 to FIG. 8 are drawings
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for describing a tire 1 according to a second embodiment
of the present disclosure. FIG. 6 is a side view illustrating
a portion of a tire side portion of the tire according to the
second embodiment of the present disclosure as viewed
from the tire width direction outer side. FIG. 7 is a cross-
sectional view, in the tire width direction, illustrating a
portion of the tire (specifically, a portion on one side rel-
ative to the tire equatorial plane CL) in FIG. 6 in cross
section along the B-B line in FIG. 6. FIG. 8 is a cross-
sectional view illustrating a portion of the tire of FIG. 6 in
cross section along the C-C line in FIG. 6. FIG. 9 is a
drawing for describing a tire 1 according to a third em-
bodiment of the present disclosure. FIG. 9 is a cross-
sectional view, in the tire width direction, illustrating a
portion of the tire (specifically, a portion on one side rel-
ative to the tire equatorial plane CL) according to the third
embodiment of the present disclosure.
[0014] The tire 1 of each embodiment in FIG. 1 to FIG.
3 and FIG. 6 to FIG. 8 is configured as a truck/bus pneu-
matic tire. The tire 1 of the embodiment in FIG. 9 is con-
figured as a passenger vehicle pneumatic tire. For con-
venience of explanation, these embodiments are de-
scribed together below.
[0015] The tire 1 of any embodiment of the present
disclosure may be configured as any type of tire.
[0016] The tire 1 includes a tire body 1M and a com-
munication device 10. The tire body 1M corresponds to
the portion of the tire 1 other than the communication
device 10.
[0017] Hereafter, unless otherwise noted, the position-
al relationship and dimensions or the like of each element
shall be measured in a standard state, with the tire 1 fitted
to an applicable rim, a prescribed internal pressure ap-
plied, and no load applied. Further, in a state in which
the tire 1 is fitted to an applicable rim, a prescribed internal
pressure is applied, and no load is applied, a width in a
tire width direction of a contact patch in contact with the
ground is referred to as a ground contact width of the tire,
and an end in the tire width direction of the ground contact
width is referred to as a ground contact edge.
[0018] In the present specification, "applicable rim"
(Measuring Rim in the STANDARDS MANUAL of ETR-
TO and Design Rim in the YEAR BOOK of TRA) refers
to an approved rim of an applicable size as described by,
or as described in the future by, valid industrial standards
for the region in which a pneumatic tire is produced or
used, such as the JATMA YEAR BOOK of JATMA (the
Japan Automobile Tyre Manufacturers Association) in
Japan, the STANDARDS MANUAL of ETRTO (Europe-
an Tyre and Rim Technical Organization) in Europe, and
the YEAR BOOK of TRA (The Tire and Rim Association,
Inc.) in the U.S., and in a case in which a rim size is not
as described in these industrial standards, the "applica-
ble rim" refers to a rim with a width corresponding to a
bead width of the pneumatic tire. The "applicable rim"
includes current sizes as well as sizes that will be includ-
ed in the future in the above industrial standards. Exam-
ples of a "size described in the future" may include sizes

as described in "FUTURE DEVELOPMENTS" in the
2013 edition of the STANDARDS MANUAL of ETRTO.
[0019] In the present specification, "prescribed internal
pressure" refers to an air pressure (maximum air pres-
sure) corresponding to the maximum load capacity of a
single wheel in an applicable size and ply rating as de-
scribed in the JATMA YEAR BOOK or other industrial
standards, and in case of a size that is not as described
in the above industrial standard, the "prescribed internal
pressure" refers to an air pressure (the maximum air
pressure) corresponding to the maximum load capability
prescribed for each vehicle on which the tire is installed.
Additionally, in the present specification, "maximum load"
means a load corresponding to the maximum load capa-
bility in a tire in an applicable size as described in the
above industrial standards, or, in case of a size that is
not as described in the above industrial standards, the
"maximum load" means a load corresponding to the max-
imum load capability prescribed for each vehicle on which
the tire is installed.
[0020] First, the following describes the tire body 1M.
[0021] As illustrated in drawings such as FIG. 3, FIG.
7, and FIG. 9., in each embodiment described herein,
the tire body 1M includes a tread portion 1a, a pair of
sidewall portions 1b that extend to a tire radial direction
inner side from both ends, in the tire width direction, of
the tread portion 1a, and a pair of bead portions 1c that
are disposed in ends of the tire radial direction inner side
of each sidewall portion 1b. The tread portion 1a is a
portion, in the tire width direction, of the tire body 1M
between a pair of ground contact edges. When the tire
is 1 is fitted to a rim, the bead portions 1c are configured
to contact the rim at the tire radial direction inner side
and a tire width direction outer side.
[0022] The tire body 1M has a pair of tire side portions
1d that extend to the tire radial direction inner side from
both ends, in the tire width direction, of the tread portion
1a. The tire side portions 1d are composed of the sidewall
portions 1b and the bead portions 1c. In the present spec-
ification, a surface of the tire outer side on the tire side
portion 1d is referred to as a "tire outer surface 1ds of
the tire side portion 1d".
[0023] The tire body 1M also includes a pair of bead
cores 4a, a pair of bead fillers 4b, a carcass 5, a belt 6,
tread rubber 7, side rubber 8, and an inner liner 9.
[0024] Each bead core 4a is respectively embedded
in a corresponding bead portion 1c. The bead cores 4a
include multiple bead wires with a periphery covered with
rubber. The bead wires are preferably made of a metal
(for example, steel). The bead wires can, for example,
be composed of monofilaments or stranded wires. The
bead wires may be formed from organic fibers or carbon
fibers.
[0025] Each bead filler 4b is respectively positioned in
the tire radial direction outer side with respect to a cor-
responding bead core 4a. The bead fillers 4b extend ta-
pering to the tire radial direction outer side. The bead
fillers 4b are, for example, rubber.
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[0026] The bead fillers may be referred to as "stiffen-
ers".
[0027] As illustrated in FIG. 3 and FIG. 7, when the tire
body 1M (and thus the tire 1) is configured as a truck/bus
pneumatic tire, the bead fillers 4b may be formed from
multiple bead filler portions 4b1 and 4b2 (two in each
example in FIG. 3 and FIG. 7). These multiple bead filler
portions 4b 1 and 4b2 can, for example, differ in hard-
ness. These multiple bead filler portions 4b 1 and 4b2
are, for example, arranged (layered) along the tire radial
direction.
[0028] The carcass 5 spans between the pair of bead
cores 4a and extends toroidally. The carcass 5 is formed
from one or more carcass plies 5a. Each carcass ply 5a
includes one or more carcass cords and a coating rubber
covering the carcass cords. The carcass cords can be
formed from monofilaments or stranded wires.
[0029] The carcass cords may be formed from organic
fibers composed of polyester, nylon, rayon, aramid, or
the like, and may be formed from a metal (for example,
steel). When the tire 1 is configured as a truck/bus pneu-
matic tire, the carcass cords are preferably formed from
a metal (for example, steel). When the tire 1 is configured
as a passenger vehicle pneumatic tire, the carcass cords
are preferably formed from organic fibers composed of
polyester, nylon, rayon, aramid, or the like.
[0030] The carcass plies 5a includes a ply main body
5m positioned between the pair of bead cores 4a. The
carcass plies 5a may further include a ply foldback portion
5T that folds back from both ends of the ply main body
5M and around each bead core 4a from the tire width
direction inner side to the tire width direction outer side.
However, the carcass plies 5a may not necessarily in-
clude a ply foldback portion 5T. The carcass 5 may pref-
erably have a radial structure, but may also have a biased
structure.
[0031] The belt 6 is arranged on the tire radial direction
outer side with respect to a crown portion of the carcass
5. The belt 6 includes one or more belt layers 6a. Each
belt layer 6a includes one or more belt cords and a coating
rubber covering the belt cords. The belt cords can be
formed from monofilaments or stranded wires. The belt
cords may be formed from a metal (for example, steel)
or formed from organic fibers composed of polyester, ny-
lon, rayon, aramid, or the like.
[0032] The tread rubber 7 is positioned in the tread
portion 1a, on the tire radial direction outer side of the
belt 6. The tread rubber 7 forms a tread surface, which
is a surface of the tire radial direction outer side of the
tread portion 1a. A tread pattern is formed on the tread
surface.
[0033] The side rubber 8 is positioned in the sidewall
portion 1b, on the tire width direction outer side of the
carcass 5. The side rubber 8 forms a surface of the tire
width direction outer side of the sidewall portion 1b. The
side rubber 8 is integrally formed with the tread rubber 7.
[0034] The inner liner 9 is arranged on the tire inner
side of the carcass 5 and, for example, may be layered

on the tire inner side of the carcass 5. The inner liner 9
is, for example, formed from a butyl-based rubber with
low air permeability. Butyl-based rubbers encompass, for
example, butyl rubber and halogenated butyl rubber,
which is a derivative thereof. The inner liner 9 is not limited
to butyl-based rubber, and can be made of other rubber
compositions, resins, or elastomers.
[0035] As illustrated in FIG. 3 and FIG. 7, when the tire
body 1M (and thus the tire 1) is configured as a truck/bus
pneumatic tire, the tire body 1M may include a reinforce-
ment member 3 around each bead core 4a. The rein-
forcement member 3 may be arranged on an opposite
side of the bead core 4a from the carcass 5, as in each
example in FIG. 3 and FIG. 7. The reinforcement member
3 includes one or more reinforcement plies 3a (three in
each example in FIG. 3 and FIG. 7). Each reinforcement
ply 3a includes reinforcement cords. The reinforcement
cords may be formed from a metal (for example, steel)
or formed from organic fibers composed of polyester, ny-
lon, rayon, aramid, or the like.
[0036] In each embodiment described herein, the tire
body 1M includes one or more marking portions 20 dis-
posed on the tire outside surface 1ds of the tire side por-
tion 1d. The marking portions 20 are formed from the
side rubber 8. As illustrated in FIG. 1, FIG. 2, and FIG.
6, the marking portions 20 have one or more markings
21. Each marking 21 forms a letter, a symbol, or a graphic.
A graphic is a concept that encompasses barcodes and
patterns. In each example in FIG. 1, FIG. 2, and FIG. 6,
the marking portion 20 has four markings 21 that form
four letters "T", "I", "R", and "E". The marking portion 20
can represent, for example, a company name, trade
name, logo, tire size, or the like. Each marking 21 is
formed in a convex shape. Specifically, each marking 21
protrudes further to the tire width direction outer side than
a base surface 2ab on the tire outer surface 1ds of the
tire side portion 1d. The base surface 2ab corresponds
to a background surface in the marking portion 20 and
specifically refers to the portion of the tire outer surface
1ds of the tire side portion 1d that surrounds each mark-
ing 21, as illustrated in FIG. 3, FIG. 7, and FIG. 9. The
base surface 2ab may be a smooth planar surface with
no irregularities, or the base surface 2ab may be an un-
even surface with finer irregularities than the markings
21. In each example in FIG. 1, FIG. 2, and FIG. 6, the
marking portion 20 has multiple markings 21. These mul-
tiple marking 21 are arranged along the tire circumferen-
tial direction. However, the multiple markings 21, which
form the marking portion 20, may be arranged along any
direction.
[0037] The following describes the communication de-
vice 10.
[0038] The communication device 10 may have a con-
figuration that is capable of wireless communication with
a prescribed external device (for example, a reader or a
reader/writer) that is external to the tire 1, and the con-
figuration of the communication device 10 is not partic-
ularly limited.
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[0039] The communication device 10 preferably has
an RF tag. The RF tag may also be referred to as an
"RFID tag". The RF tag is preferably configured to be
passive, but may be configured to be active.
[0040] The communication device 10 may have, in-
stead of or in addition to an RF tag, an accelerometer for
detecting an acceleration of the tire 1, an internal pres-
sure sensor for detecting an internal pressure of the tire
1, or the like.
[0041] FIG. 4 and FIG. 5 illustrate an example of the
communication device 10. In the present example, the
communication device 10 has an RF tag. In the present
example, the communication device 10 includes an RF
tag 10e and a cover 10f. The RF tag 10e includes an IC
chip 10c and an antenna section 10b. The RF tag 10e is
configured to be passive.
[0042] The IC chip 10c operates, for example, by die-
lectric electromotive force generated by radio waves re-
ceived at the antenna section 10b. The IC chip 10c, for
example, has a controller and a memory unit.
[0043] The memory unit may store any information. For
example, the memory unit may store identification infor-
mation for the tire 1. The identification information for the
tire 1 is, for example, unique identification information for
the tire 1 that can identify each tire to each tire, such as
the manufacturer of the tire 1, the manufacturing plant,
the date of manufacture. The memory unit may also store
tire history information such as running distance of the
tire, the number of sudden brakings, the number of sud-
den starts, and the number of sudden cornering situa-
tions. For example, sensors that detect tire internal tem-
perature, tire internal pressure, tire acceleration, or the
like are disposed in the tire cavity, and the memory unit
may store detection information detected by these sen-
sors. In this case, the RF tag 10e can acquire the detec-
tion information from a sensor by communicating wire-
lessly with the sensor through the antenna section 10b.
[0044] The controller is configured to be able to read
out information from the memory unit.
[0045] The antenna section 10b has a pair of antennas
10b1, 10b2. The pair of antennas 10b1, 10b2 are con-
nected to ends, positioned on opposite sides to each oth-
er, of the IC chip 10c. The antenna section 10b is con-
figured to be capable of transmitting to and receiving from
the above prescribed external device that is external to
the tire 1. In the examples in FIG. 4 and FIG. 5, each
antenna 10b 1, 10b2 extends linearly, but each antenna
10b1, 10b2 may extend to form any shape, for example,
a wavy shape or the like.
[0046] The cover 10f covers the entirety of the RF tag
10e. The cover 10f is formed, for example, from rubber
or resin.
[0047] In the present example, the cover 10f has a pair
of sheet-shaped cover members 10f1, 10f2. The paired
cover members 10f1, 10f2 overlap each other with the
RF tag 10e therebetween. The paired cover members
10f1, 10f2 are preferably fixed to each other by adhesion
or the like.

[0048] However, the cover 10f may be formed from a
single member.
[0049] In the present example, the cover 10f has a rec-
tangular shape in a planar view, but the cover 10f may
have any shape in a planar view.
[0050] The communication device 10 may have no
cover 10f, i.e., the communication device 10 may be
formed from only the RF tag 10e.
[0051] The communication device 10 configured in this
manner is configured to be capable of receiving, by the
antenna section 10b, information transmitted over radio
waves or magnetic fields from the prescribed external
device. Rectification (in the case of radio waves) or res-
onance (in the case of magnetic fields) generates power
in the antenna section 10b of the communication device
10, and the memory unit and the controller of the IC chip
10c performs a prescribed operation. For example, the
controller reads out the information in the memory unit
and returns (transmits) the information to the prescribed
external device from the antenna section 10b over radio
waves or magnetic fields. The prescribed external device
receives the radio waves or the magnetic fields from the
communication device 10. By retrieving the received in-
formation, the prescribed external device can acquire the
information stored in the memory unit of the IC chip 10c
of the communication device 10.
[0052] However, the communication device 10 may
have any configuration that is different from this example.
[0053] The communication device 10 may have a lon-
gitudinal direction LD, a lateral direction SD, and a thick-
ness direction TD. The longitudinal direction LD, the lat-
eral direction SD, and the thickness direction TD are per-
pendicular to each other.
[0054] As illustrated in FIG. 4 and FIG. 5, when the
communication device 10 has an RF tag 10e, the longi-
tudinal direction LD of the communication device 10 is
parallel to an extension direction of the antenna section
10b. When each antenna 10b 1, 10b2 of the antenna
section 10b has a wavy shape, the extension direction
of the antenna section 10b refers to an extension direc-
tion of the amplitude centerline of the wavy shape formed
by each antenna 10b1, 10b2. In the communication de-
vice 10, the thickness direction TD of the communication
device 10 refers to the thickness direction of the cover
10f when the communication device 10 has the cover
10f. The thickness direction TD of the communication
device 10 refers to the thickness direction of the IC chip
10c when the communication device 10 has no cover 10f.
[0055] The length of the RF tag 10e in the longitudinal
direction LD is preferably, for example, 20 mm or greater,
or 50 mm or greater. The length of the RF tag 10e in the
longitudinal direction LD is preferably, for example, 100
mm or less, or 70 mm or less.
[0056] The length of the RF tag 10e in the lateral di-
rection SD is preferably, for example, 10 mm or less, or
8 mm or less.
[0057] The length of the RF tag 10e in the thickness
direction TD is preferably, for example, 5 mm or less, or
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2 mm or less.
[0058] When the communication device 10 has the
cover 10f, the length of the communication device 10 in
the longitudinal direction LD is preferably, for example,
30 mm or greater, or 60 mm or greater. The length of the
RF tag 10e in the longitudinal direction LD is preferably,
for example, 110 mm or less, or 80 mm or less.
[0059] When the communication device 10 has the
cover 10f, the length of the communication device 10 in
the lateral direction SD is preferably, for example, 20 mm
or less, or 15 mm or less.
[0060] When the communication device 10 has the
cover 10f, the length of the communication device 10 in
the thickness direction TD is preferably, for example, 6
mm or less, or 3 mm or less.
[0061] The thickness of each cover member 10f1, 10f2
of the cover 10f is preferably, for example, 0.5 mm or
greater. The thickness of each cover member 10f1, 10f2
of the cover 10f is preferably, for example, 1 mm or less.
[0062] In each embodiment described herein, the en-
tirety of the communication device 10 is embedded within
the tire body 1M, as illustrated in FIG. 1 to FIG. 3 and
FIG. 6 to FIG. 9. The communication device 10 is em-
bedded in a part of the tire side portion 1d of the tire body
1M that is further to the tire width direction outer side than
the carcass 5. The communication device 10 is at least
partially embedded within at least one marking 21 (21a).
The communication device 10 is oriented such that the
thickness direction TD of the communication device 10
approximately follows a protrusion height direction of the
marking 21a (FIG. 3 and FIG. 7).
[0063] During the production of the tire 1, a raw tire,
which forms the tire body 1M, and the communication
device 10 are placed inside a mold for forming a tire and
vulcanized to form the tire 1.
[0064] The following describes the effects of each em-
bodiment described herein.
[0065] First, as described above, for each embodiment
described herein, as illustrated in FIG. 1 to FIG. 3 and
FIG. 6 to FIG. 9, the communication device 10 is at least
partially embedded within at least one marking 21 of the
marking portion 20 that is disposed on the tire outer sur-
face 1ds of the tire side portion 1d. That is, the commu-
nication device 10 is arranged in the tire side portion 1d.
In general, a metal may weaken the radio waves between
the communication device 10 and the prescribed external
device (for example, a reader or a reader/writer), thereby
reducing the communication performance between the
communication device 10 and the prescribed external
device, which in turn may shorten a communication dis-
tance between the communication device 10 and the pre-
scribed external device. However, for the tire body 1M,
a metal (for example, steel) can be used for the carcass
5, the belt 6, the bead cores 4a, the reinforcement mem-
bers 3, or the like. Further, in general, the tire side portion
1d tends to have less metal compared to the tread portion
1a. Accordingly, by arranging the communication device
10 in the tire side portion 1d, the communication perform-

ance can be improved, thereby enabling lengthening of
the communication distance between the communication
device 10 and the prescribed external device compared
to a case in which the communication device 10 is ar-
ranged in the tread portion 1a.
[0066] As mentioned above, in each embodiment de-
scribed herein, at least a portion of the communication
device 10 is embedded within at least one marking 21,
as illustrated in FIG. 1 to FIG. 3 and FIG. 6 to FIG. 9. A
configuration in this manner enables the distance be-
tween the communication device 10 and any metal that
may be used inside the tire body 1M to be longer com-
pared to a case in which the entirety of the communication
device 10 is embedded further to a portion in the tire inner
side of the tire body 1M than in the marking portion 20
(and thus further to the tire inner side than the base sur-
face 2ab). Therefore, the communication performance
can be improved, enabling lengthening of the communi-
cation distance between the communication device 10
and the prescribed external device.
[0067] Further, by at least partially embedding the
communication device 10 within at least one marking 21,
the marking portion 20, which is easily visible from the
outside, has an indicator function that indicates the po-
sition of the communication device 10 and thus the po-
sition of the communication device 10 becomes easier
to grasp. Therefore, a worker who attempts to read the
communication device 10 with the prescribed external
device (for example, a reader or a reader/writer) can read
the communication device 10 simply by holding the
above prescribed external device near the marking por-
tion 20, thereby facilitating the reading process. Another
advantage of the marking portion 20 having the indicator
function that indicates the position of the communication
device 10 is that separately processing the tire side por-
tion 1d to indicate the position of the communication de-
vice 10 is unnecessary.
[0068] Further, each marking 21 of the marking portion
20 has relatively little rubber flow during the manufactur-
ing of the tire 1. Therefore, even if the communication
device 10 is at least partially embedded within at least
one marking 21, the communication device 10 is less
susceptible to strain, which can suppress any reduction
in the durability of the communication device 10.
[0069] For each embodiment described herein, of the
markings 21 that form the marking portion 20, a marking
21a (21), within which the communication device 10 is
embedded, has a protrusion height of preferably 0.4 mm
or greater, and more preferably 1.5 mm or greater. Ac-
cordingly, the communication device can be further
lengthened.
[0070] Further, for each embodiment described herein,
of the markings 21 that form the marking portion 20, the
marking 21a (21), within which the communication device
10 is embedded, has a protrusion height that may be, for
example, 3.0 mm or less.
[0071] In measuring the protrusion height of the mark-
ing 21a, the height of the marking 21a from a hypothetical
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surface (indicated by a dotted line in FIG. 3, FIG. 7, and
FIG. 9), which is a smooth extension of the base surface
2ab within the marking 21a, is measured along a perpen-
dicular line to the hypothetical surface.
[0072] For each embodiment described herein, in each
example in FIG. 1 to FIG. 3 and FIG. 9, the entirety of
the communication device 10 may be embedded within
any one marking 21 (21a) of the markings 21 that form
the marking portion 20. In this case, the communication
device 10 can be further positioned on the tire outer side,
enabling further lengthening of the communication dis-
tance.
[0073] For each embodiment described herein, when
the entirety of the communication device 10 is embedded
within any one marking 21 (21a) as in each example in
FIG. 1 to 3 and FIG. 9, the length L1 (FIG. 2) of the mark-
ing 21a, within which the communication device 10 is
embedded, is preferably 40 mm or greater, and more
preferably 70 mm or greater as measured along the lon-
gitudinal direction LD of the communication device 10 at
a center of the lateral direction SD of the communication
device 10. Accordingly, the communication device 10 be-
comes easier to arrange in the recess for forming the
marking 21a in the mold for forming a tire during tire man-
ufacturing. Further, the design freedom in the alignment
direction (orientation) and shape of the communication
device 10 can be increased.
[0074] The length L1 (FIG. 2) of the marking 21a, within
which the communication device 10 is embedded, may
be, for example, 120 mm or less as measured along the
longitudinal direction LD of the communication device 10
at the center of the lateral direction SD of the communi-
cation device 10.
[0075] The length L1 is measured along a hypothetical
surface (indicated by a dotted line in FIG. 3, FIG. 7, and
FIG. 9), which is a smooth extension of the base surface
2ab within the marking 21a. When the marking 21a has
multiple portions separated from each other along the
longitudinal direction LD of the communication device 10
at a center of the lateral direction SD of the communica-
tion device 10, the length L1 refers to the length of only
the portion within which the communication device 10 is
embedded.
[0076] For each embodiment described herein, when
the entirety of the communication device 10 is embedded
within any one marking 21 (21a) as in each example in
FIG. 1 to FIG. 3 and FIG. 9, the length L2 (FIG. 2) of the
marking 21a, within which the communication device 10
is embedded, is preferably 10 mm or greater, and more
preferably 14 mm or greater as measured along the lat-
eral direction SD of the communication device 10 at a
center of the longitudinal direction LD of the communi-
cation device 10. Accordingly, the communication device
10 becomes easier to arrange in the recess for forming
the marking 21a in the mold for forming a tire during tire
manufacturing. Further, the design freedom in the align-
ment direction (orientation) and shape of the communi-
cation device 10 can be increased.

[0077] The marking 21a within which the communica-
tion device 10 is embedded may have a length L2 (Fig.
2) of, for example, 20 mm or less when measured along
the lateral direction SD of the communication device 10
at the center of the longitudinal direction LD of the com-
munication device 10.
[0078] The length L2 is measured along the hypothet-
ical surface (indicated by a dotted line in FIG. 3, FIG. 7,
and FIG. 9), which is a smooth extension of the base
surface 2ab within the marking 21a. The length L2 refers
to the length of only the portion within which the commu-
nication device 10 is embedded, when the marking 21a
has a plurality of portions separated from each other
along the lateral direction SD of the communication de-
vice 10 at the center of the longitudinal direction LD of
the communication device 10.
[0079] In each embodiment described herein, in the
examples in FIG. 6 to FIG. 8, the communication device
10 may be only partially embedded inside at least one
marking 21 (21a) of the markings 21 that form the marking
portion 20. In this case, other portions of the communi-
cation device 10 may be positioned further to the tire
inner side than the at least one marking 21 (21a). For
example, when the communication device 10 has an RF
tag 10e, as in the examples in FIG. 6 to FIG. 8, at least
a portion of the IC chip 10c of the RF tag 10e may be
positioned within the marking 21a, and the antenna sec-
tion 10b of the RF tag 10e may be positioned further to
the tire inner side than the marking 21a. In the examples
in FIG. 6 to FIG. 8, only a portion of the communication
device 10 is embedded inside any one marking 21(21a)
of the markings 21 that form the marking portion 20.
[0080] In each embodiment described herein, the
alignment direction (orientation) of the communication
device 10 is arbitrary, and in terms of the durability of the
communication device 10 or the like, the communication
device 10 is preferably aligned such that the longitudinal
direction LD of the communication device 10 approxi-
mately follows the tire circumferential direction as in the
examples in FIG. 6 to FIG. 8. However, the communica-
tion device 10 may be aligned such that the lateral direc-
tion LD of the communication device 10 approximately
follows the tire circumferential direction as in the exam-
ples in FIG. 1 to FIG. 3.
[0081] In each embodiment described herein, the com-
munication device 10 is preferably arranged in the side-
wall portion 1b, as in FIG. 3, FIG. 7, and FIG. 9. In general,
the sidewall portion 1b tends to have less metal com-
pared to the bead portion 1c. Accordingly, by arranging
the communication device 10 in the sidewall portion 1b,
communication performance can be improved, thereby
enabling lengthening of the communication distance be-
tween the communication device 10 and the prescribed
external device compared to the communication device
10 being arranged in the bead portion 1c.
[0082] In each embodiment described herein, when
the tire 1 is configured as a truck/bus pneumatic tire (FIG.
1 to FIG. 3 and FIG. 6 to FIG. 8), a tire radial direction
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center 10m of the communication device 10 (more pref-
erably, the entirety of the communication device 10) is
preferably further to the tire radial direction outer side
than a tire radial direction outer end of the bead core 4a.
Accordingly, the communication performance can be im-
proved, thereby enabling lengthening of the communica-
tion distance between the communication device 10 and
the prescribed external device.
[0083] In each embodiment described herein, when
the tire 1 is configured as a truck/bus pneumatic tire (FIG.
1 to FIG. 3 and FIG. 6 to FIG. 8), the tire direction radial
center 10m of the communication device 10 (more pref-
erably, the entirety of the communication device 10) is
preferably further to the tire radial direction outer side
than a tire radial direction outer end 5e of the ply foldback
portion 5T of the carcass 5. Accordingly, the communi-
cation performance can be improved, thereby enabling
lengthening of the communication distance between the
communication device 10 and the prescribed external
device. The durability of the communication device 10
and thus the tire 1 can also be improved because the
communication device 10 can be arranged in a portion
of the tire body 1M with comparatively less distortion dur-
ing rolling and other movements of the tire 1.
[0084] Here, "tire radial direction outer end 5e of the
ply foldback portion 5T of the carcass 5" refers to a tire
radial direction outer end that is furthest to the tire radial
direction outer side among tire radial direction outer ends
of the ply foldback portion 5T of each carcass ply 5a of
the carcass 5.
[0085] In each embodiment described herein, when
the tire 1 is configured as a truck/bus pneumatic tire (FIG.
1 to FIG. 3 and FIG. 6 to FIG. 8), the tire radial direction
center 10m of the communication device 10 (more pref-
erably, the entirety of the communication device 10) is
preferably further to the tire radial direction outer side
than the tire radial direction outer end 3u of the reinforce-
ment member 3. Accordingly, the communication per-
formance can be improved, thereby enabling lengthening
of the communication distance between the communica-
tion device 10 and the prescribed external device. The
durability of the communication device 10 and thus the
tire 1 can also be improved because the communication
device 10 can be arranged in a portion of the tire body
1M with comparatively less distortion during rolling and
other movements of the tire 1.
[0086] Here, "tire radial direction outer end 3u of the
reinforcement member 3" refers to a tire radial direction
outer end that is furthest to the tire radial direction outer
side among tire radial direction outer ends of each rein-
forcement ply 3a of the reinforcement member 3.
[0087] In each embodiment described herein, when
the tire 1 is configured as a truck/bus pneumatic tire (FIG.
1 to FIG. 3 and FIG. 6 to FIG. 8), the tire radial direction
center 10m of the communication device 10 (more pref-
erably, the entirety of the communication device 10) is
preferably further to the tire radial direction inner side
than a tire radial direction outer end 4bu of the bead filler

4b. Accordingly, the communication performance can be
improved, thereby enabling lengthening of the commu-
nication distance between the communication device 10
and the prescribed external device. The durability of the
communication device 10 and thus the tire 1 can also be
improved because the communication device 10 can be
arranged in a portion of the tire body 1M with compara-
tively less distortion during rolling and other movements
of the tire 1.
[0088] A distance in the tire radial direction between
the tire radial direction center 10m of the communication
device 10 and the tire radial direction outer end 4bu of
the bead filler 4b is preferably 1 to 30 mm, and more
preferably 5 to 15 mm.
[0089] In each embodiment described herein, when
the tire 1 is configured as a truck/bus pneumatic tire (FIG.
1 to FIG. 3 and FIG. 6 to FIG. 8), the tire radial direction
outer end 5e of the ply foldback portion 5T of the carcass
5 is preferably positioned further to the tire radial direction
inner side than the tire radial direction outer end 4bu of
the bead filler 4b. The tire radial direction outer end 5e
of the ply foldback portion 5T of the carcass 5 may be
positioned either in the same tire radial direction position
as the tire radial direction outer end 4bu of the bead filler
4b or further to the tire radial direction outer side.
[0090] In each embodiment described herein, when
the tire 1 is configured as a truck/bus pneumatic tire (FIG.
1 to FIG. 3 and FIG. 6 to FIG. 8), the tire radial direction
outer end 3u of the reinforcement member 3 is preferably
positioned further to the tire radial direction inner side
than the tire radial direction outer end 4bu of the bead
filler 4b. The tire radial direction outer end 3u of the re-
inforcement member 3 may be positioned either in the
same tire radial direction position as the tire radial direc-
tion outer end 4bu of the bead filler 4b or further to the
tire radial direction outer side.
[0091] In each embodiment described herein, when
the tire 1 is configured as a truck/bus pneumatic tire (FIG.
1 to FIG. 3 and FIG. 6 to FIG. 8), the tire radial direction
outer end 5e of the ply foldback portion 5T of the carcass
5 may be positioned further to the tire radial direction
inner side than a tire maximum width position of the tire
body 1M as in each example in FIG. 1 to FIG. 3 and FIG.
6 to FIG. 8. The tire radial direction outer end 5e of the
ply foldback portion 5T of the carcass 5 may be positioned
in the same tire radial direction position as the tire max-
imum width position of the tire body 1M. The tire radial
direction outer end 5e of the ply foldback portion 5T of
the carcass 5 may be positioned further to the tire radial
direction outer side than the tire maximum width position
of the tire body 1M.
[0092] The "tire maximum width position of the tire
body 1M" is a tire radial direction position at which the
tire body 1M has the largest dimension in the tire width
direction.
[0093] In each embodiment described herein, when
the tire 1 is configured as a truck/bus pneumatic tire (FIG.
1 to FIG. 3 and FIG. 6 to FIG. 8), the tire radial direction
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outer end 3u of the reinforcement member 3 may be po-
sitioned further to the tire radial direction inner side than
a tire maximum width position of the tire body 1M as in
each example in FIG. 1 to FIG. 3 and FIG. 6 to FIG. 8.
The tire radial direction outer end 3u of the reinforcement
member 3 may be positioned in the same tire radial di-
rection position as the tire maximum width position of the
tire body 1M. The tire radial direction outer end 3u of the
reinforcement member 3 may be positioned further to the
tire radial direction outer side than a tire maximum width
position of the tire body 1M.
[0094] In each embodiment described herein, when
the tire 1 is configured as a passenger vehicle pneumatic
tire (FIG. 9), the tire radial direction outer end 10u of the
communication device 10 (more preferably, the entirety
of the communication device 10) is preferably further to
the tire radial direction outer side than the tire radial di-
rection outer end of the bead core 4a, more preferably
further to the tire radial direction outer side than a tire
radial direction center of the bead filler 4b, and, for ex-
ample, preferably further to the tire radial direction outer
side than a tire radial direction outer end 4bu of the bead
filler 4b.
[0095] In each embodiment described herein, when
the tire 1 is configured as a passenger vehicle pneumatic
tire (FIG. 9) and the communication device 10 is arranged
in the sidewall portion 1b as described above, the tire
radial direction outer end 10u of the communication de-
vice 10 is preferably positioned further to the tire radial
direction inner side than the tire radial direction outer end
5e of the ply foldback portion 5T of the carcass 5 as in
the example in FIG. 9. Accordingly, the communication
performance can be improved, thereby enabling length-
ening of the communication distance between the com-
munication device 10 and the prescribed external device.
The durability of the communication device 10 and thus
the tire 1 can also be improved because the communi-
cation device 10 can be arranged in a portion of the tire
body 1M with comparatively less distortion during rolling
and other movements of the tire 1.
[0096] A distance, in the tire radial direction, between
the tire radial direction outer end 10u of the communica-
tion device 10 and the tire radial direction outer end 5e
of the ply foldback portion 5T of the carcass 5 is preferably
3 to 30 mm, and more preferably 5 to 15 mm.
[0097] In each embodiment described herein, when
the tire 1 is configured as a passenger vehicle pneumatic
tire (FIG. 9), the tire radial direction outer end 5e of the
ply foldback portion 5T of the carcass 5 is positioned
further to the tire radial direction outer side than the tire
radial direction outer end 4bu of the bead filler 4b, as in
the example in FIG. 9. However, the tire radial direction
outer end 5e of the ply foldback portion 5T of the carcass
5 may be positioned either in the same tire radial direction
position as the tire radial direction outer end of the bead
filler 4b, or further to the tire radial direction inner side.
[0098] In each embodiment described herein, when
the tire 1 is configured as a passenger vehicle pneumatic

tire (FIG. 9), the tire radial direction outer end 5e of the
ply foldback portion 5T of the carcass 5 may be positioned
further to the tire radial direction outer side than a tire
maximum width position of the tire body 1M. The tire ra-
dial direction outer end 5e of the ply foldback portion 5T
of the carcass 5 may be positioned in the same tire radial
direction position as the tire maximum width position of
the tire body 1M. The tire radial direction outer end 5e of
the ply foldback portion 5T of the carcass 5 may be po-
sitioned further to the tire radial direction inner side than
the tire maximum width position of the tire body 1M. The
"tire maximum width position of the tire body 1M" is a tire
radial position at which the tire body 1M has the largest
dimension in the tire width direction.

INDUSTRIAL APPLICABILITY

[0099] A tire according to the present disclosure can
be preferably used for any type of pneumatic tire, for ex-
ample, a passenger vehicle pneumatic tire, a truck/bus
pneumatic tire, or the like.

REFERENCE SIGNS LIST

[0100]

1: tire,
1M: tire body, 1a: tread portion, 1b: sidewall portion,
1c: bead portion, 1d: tire side portion, 1ds: tire outer
surface of tire side portion, 2ab: base surface,
3: reinforcement member, 3a: reinforcing ply, 3u: tire
radial direction outer end of reinforcement member,
4a: bead core, 4b: bead filler, 4b1, 4b2: bead filler
portion, 4bu: tire radial direction outer end of bead
filler,
5: carcass, 5a: carcass ply, 5M: ply main body, 5T:
ply foldback portion, 5e: tire radial direction outer end
of ply foldback portion of carcass,
6: belt, 6a: belt layer,
7: tread rubber, 8: side rubber,
9: inner liner
10: communication device,
10e: RF tag,
10b: antenna section, 10b1, 10b2: antenna,
10f: cover, 10f1, 10f2: cover member,
10c: IC chip,
10u: tire radial direction outer end of communication
device,
10m: tire radial direction center of communication
device,
20: marking portion, 21, 21a: marking,
CL: tire equatorial plane,
WD: tire width direction, RD: tire radial direction, CD:
tire circumferential direction,
LD: longitudinal direction of communication device,
SD: lateral direction of communication device, TD:
thickness direction of communication device
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Claims

1. A tire comprising:

a marking portion disposed on a tire outer sur-
face of a tire side portion; and
a communication device,
wherein the marking portion has one or more
markings,
each of the one or more markings forms a letter,
a symbol, or a graphic and is formed into a con-
vex shape, and
at least a part of the communication device is
embedded within at least one of the one or more
markings.

2. The tire according to claim 1, wherein the marking
within which the communication device is embedded
has a protrusion height of 0.4 mm or greater.

3. The tire according to claim 1 or 2, wherein the entirety
of the communication device is embedded within any
one of the one or more markings.

4. The tire according to claim 3, wherein the marking
within which the communication device is embedded
has a length L1 of 40 mm or more as measured along
a longitudinal direction of the communication device
at a center of a lateral direction of the communication
device.

5. The tire according to claim 3 or 4, wherein the mark-
ing within which the communication device is em-
bedded has a length L2 of 10 mm or more as meas-
ured along a lateral direction of the communication
device at a center of a longitudinal direction of the
communication device.

6. The tire according to any one of claims 1 to 5, wherein
the communication device has an RF tag.
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